Identication of patterns in stock markets has been an important subject for many years. In the past, numerous techniques, both technical and econometric, were used to predict changes in stock markets, but dependences among all the companies listed on a stock market were considered in a limited extent. Numerous studies conrm that larger stocks items appear to inuence smaller ones and that, on a global level, most of the world's stock markets are integrated. Therefore, this study implements the association rules using a data mining approach to explore the co-movement between stock items listed on the Warsaw Stock Exchange. We believe that in order to describe and to understand market's behavior, data mining techniques are more exible in use than for instance pricing models based on a nance theory. The former seems to be more eective for explaining market behavior without making particular assumptions.
Introduction and aim of the study
Mining patterns in stock market data is one of the hottest issues of data mining due to its commercial applications and possible nancial benets. Finding patterns in stock data can help provide insight into market behavior, buying or selling habits and co-movements of stock shares. Numerous studies conrmed that there are typical patterns in such data. For instance, it was observed that larger stock items appear to lead smaller ones and that, on global level, most of the world's stock markets are integrated [1, 2] . In general, the research stream on stock market is focused on nding some characteristics such as anomalies, regularities, and predictive modeling [3] . The eld of predictive modeling and forecasting can be characterized by data intensity, presence of a noise, non-stationarity, unstructured nature, high level of an uncertainty, and presence of hidden relationships in data. Additionally, many factors may inuence the stock markets including political events, general economic conditions, and traders' expectations. Therefore, predicting price movements on stock market seems to be quite dicult.
Recently, data mining techniques have gained on importance [4, 5] despite negative connotations due to its far-reaching automation without insight into the nature of the problem. Due to technological development in information technology and software abilities gathering sufcient data on stocks traded by the hour and even by the minute have become much easier. This trend is another reason why data mining techniques have drawn the attention of investors interested in predicting stock prices.
To improve the predictability of stock prices, previous studies utilized various methods, such as neural networks [6, 7] or support vectors [8] . Although these methods can increase predictability, it is dicult to ascertain how the results were determined and which factors have the most impact on stock prices. Furthermore, great expertise is required to use the result for investment purposes.
The analysis using the association rules allows people to understand and to implement the results very easily.
Mining according to the association rules uncovers interesting correlation patterns among a large set of data items by showing the attributes that occur together frequently with a given quality measures. From a technical point of view, association rules are important classes of regularities that may exist in databases. Since rst introduced in 1993 by Agrawal et al. [9] , mining associations have received a great deal of attention in dierent applications such as market basket analysis and e-commerce, website patterns and clickstream analysis, survey data analysis or gene expression data analysis.
In this research, we implement the association rules to explore co-movements between stock items listed on Warsaw Stock Exchange. We believe that to describe and to understand market's behavior, data mining tools are more exible in use than for instance the pricing models based on nance theory, because the former seems to be more eective for explaining market behavior without making particular assumptions.
The main research goal of the study is to apply the association rules to identify synchronous relationships in WSE stock market data based on return rates. To prove that the obtained rules are non-trivial and possess the ability to generalize we also test the association on random return rates data. The test procedure used in this work is typical for experiments in physics, in which we aim to prove the hypothesis by showing the evidence that no relationships are present on random data.
Data characteristics
In this article we analyzed the stock items listed on the main market of the Warsaw Stock Exchange (WSE).
Data included return rates and trading volumes from 04--01-1999 to 23-02-2012, which corresponds to 3300 trading days. We limited stock items only to companies, excluding bonds, options and indices, bearing in mind that (553) over the years there was dierent number of companies appearing on the WSE market. Figure 1 shows the number of assets traded each day. The uctuations are due to a number of companies which were not traded on certain day (volume equal to null). The total number of companies traded each day increased from slightly above 100 up to about 390 on average. Every asset was traded from 22 up to 3300 days (Table I) With the mean number of assets traded daily of 217 the total number of prices analyzed was 698 897. The log--mean distribution of daily return rates is presented in zero so the applied cut has also the purpose to exclude the return rates, which are so small so they do not have practical application.
Mining correlations with association rules
The association rules algorithms are used mainly to determine the relationships between items or features that occur frequently in databases. For instance, in market basket analysis context, if people who purchase item A also purchase item B, then we can say that there is a relationship between item A and item B, and such information can be useful for decision making. Therefore, the aim of applying the association rules algorithm is to nd interesting relationships by analyzing data and use them to support a decision making process.
The association rules are dened as follows [9] . We take I = (i 1 , i 2 , . . . , i m ) as the item set and D as a set of transactions in a database in which each transaction T represents an item set such that T ⊆ I. That is, each item set T is a non-empty sub-item set of I. That is
In this case, Conf(A → B) denotes that if the transaction includes A, the chance that the transaction also contains B is relatively high. Condence is an estimate of P (B|A), that is the probability of observing B given A.
It ranges from 0 to 1 and may be expressed as percentage. For the rules with the same condence level, the rule with the highest support is preferred. The rationale is that the estimate for condence is more reliable.
The condence alone may not be sucient to assess the descriptive power of a rule. Rules with high condence may occur by chance. Therefore, we also investigated the reliability of support and condence (see Sect. 3.4). Such spurious rules can be detected by determining whether the antecedent item and the consequent item are statistically independent [10] . This inspired a number of measures for association rule interest. One of them is lift, dened as: Given a set of transactions D, the problem of association rules discovery is to generate all transaction rules that have certain level of minimum support (called MinSup) and condence (called MinConf ). To explore association rules we used Apriori algorithm [9] because it is simple and easy to implement. Therefore, the problem of mining association rules was decomposed into two steps [11] . The rst step was to detect a large item set whose support is greater than MinSup and the second step was needed to generate association rules using the large item set. Such rules must satisfy two conditions:
For the purpose of our analyses we set the value of 2% of the largest single item frequency for MinSup and 20% for MinConf.
In our research, the aim of the analysis was to nd interesting associations among the transactional stock market data presented in Sect. 2. More specically, we aim to perform the following analyses: The closer look at the rules ordered by lift (Table III) enabled us to see that there are many rules with the very high lift indicating strong associations among particular stocks. 
Link analysis for WIG20 companies
In the research we also used so called link analysis, which is mathematical and graphical analysis for highlighting the linkages between items of interest. In our case, we use it to provide web-like graphs indicating the strength of connections between the stocks from WIG20
with the positive rate of return, see After completing the rule discovery the resultant rules were ordered by condence (Table IV) . As previously, it was found that the biggest companies (mainly from WIG20) formed the rules with the highest condence (Table V) Based on these experiments, we can conclude that the rules, which exceeded the threshold of 11% for support and 36% for condence possess the ability to generalize. They reveal the real relationships among stock items which did not arise from statistical coincidences.
We can also narrow the rules to these having very high condence and high support. 
Results and concluding remarks
In this paper we analyzed association rules in the WSE. The results showed that the association rules allowed nding the strongest relationships that occur in the data, which in turn may help investors or those interested to learn about stock market to gather and easily present the knowledge of underlying patterns on the market. In particular, the results can be summarized as follows:
• We observed signicant association rules among positive return rates for some of the biggest banks, oil and metallurgy companies. Typical condence was about 60% while support was ranging from 6% to more than 20%. Some of these associations, like LCCORP and PEKAO could be present due to the credit relationship and real estate market condition.
• The rules regarding banks and other companies imply that positive return rate of the banks are accompanied by the positive return rate for the companies.
• Rules with the highest values of lift are formed by relatively small companies. For those rules lift exceeded 6 but support was very small, of about 2%.
That means the rules are strong but occur rather seldom. One explanation is that the rules are related to short-time relationships or due to the external random conditions.
• Almost all rules with the highest lift are two--directional. In other words stock price increase on one company is accompanied by price increase for the other company and vice-versa, with similar condence level.
• Some of the rules with high lift could be explained by business relations between companies, e.g. BOGDANKA as supplier of coal for ENEA's power plants.
• • Taking • The comparison on reference data showed also that rules having up to 11% for support and up to 36%
for condence were present both in real data and reference data.
Association rules seem to be appropriate technique for eective exploration of underlying patterns in huge amount of data. This technique is often used in thenancial markets in the context of investment processes automation. In order to avoid the technical aspects related to the system architecture and database requirements which in case of automation are important, in this paper we rather focused on knowledge extraction from the nancial data. Nevertheless, the issue concerning processes automation is an interesting proposal for future research.
